Materials and Methods
All reactions have been carried out in flame-dried Schlenk-tubes under argon atmosphere (argon 5.0) using dry solvents unless noticed otherwise. Absolute THF was dried over potassium under argon atmosphere and freshly distilled prior to use. Ethyl Acetate for column chromatography was purchased in technical quality and purified by destillation with a rotary evaporator. Dichloromethane was purchased in p.a. quality from Aldrich. Zinc powder was purchased from Merck and used without further activation. Chlorotrimethylsilane was purchased from Acros and used as received. Triethylamine hydrochloride was purchased from Aldrich and purified by crystallization from chloroform. All other chemicals were purchased from Aldrich and used without further purification. An IKAmag temperature modulator in combination with an oil bath or stainless steel heating block were used to control the reaction temperatures. Thin-layer chromatography (TLC) was performed using E. Merck silica gel 60 F254 precoated plates (0.25 mm) and visualized by UV fluorescence quenching or p-Anisaldehyde staining. In general, Macherey-Nagel Silica gel 60 (particle size 0.04-0.063 mm) was used for flash chromatography. Florisil (60-100 mesh) by Roth was used as described. 1 H and 13 C NMR spectra were recorded on a Bruker DRX 500 (500 MHz and 125 MHz), a Bruker Avance II 400 (400 MHz and 100 MHz), a Bruker DRX 250 (250 MHz or 62.5 MHz) or a Varian Mercury 300 HFCP (300 MHz, 1 H only) spectrometer and reported to CDCl 3 (δ = 7.26 ppm and δ = 77.00 ppm, respectively) or C 6 D 6 (δ = 7.16 ppm and δ = 128.00 ppm, respectively). The following abbreviations were used: s = singlet, d = doublet, t = triplet, q = quartet, quin = quintet, br = broad signal, ps = pseudo. IR spectra were recorded on a Perkin Elmer Spectrum 65 FT-IR-spectrometer and are reported in frequency of absorption. Low and high resolution mass analyses were performed by the service department at the Institute for Organic Chemistry and Biochemistry, Freiburg University using a Thermo Finnigan TSQ 700 for electron impact ionization (EI) at 70 eV, 200 ºC. High resolution mass analyses (HRMS) were carried out on a Thermo Exactive with Orbitrap-Analyzer using atmospheric pressure chemical ionization (APCI or ESI).
All ketones and nitriles were commercially available and purchased from Sigma-Aldrich. Imine 5a was synthesized according to a literature procedure. 1 Imine 5b was synthesized according to a literature procedure. 2 Titanocene catalyst 4a was purchased from AlfaAesar. Titanocene catalyst 4b was purchased from AlfaAesar. Titanocene catalyst 4c was purchased from AlfaAesar. Titanocene catalyst 4d was purchased from mcat, Konstanz, Germany (www.mcat.de). Titanocene catalyst 4e was synthesized following a literature procedure. 3 Titanocene catalyst 4f was synthesized following the same literature procedure starting from 8-phenylmenthol. 3, 4 Full Reference 15 
General Procedure for the Catalytic Intermolecular Acyloin Reaction
A flame-dried and argon-filled 10 ml Schlenk-tube equipped with a magnetic stir bar was charged under argon atmosphere with Et 3 N•HCl (137.7 mg, 1.0 mmol, 2 equiv), zinc dust (65.4 mg, 1.0 mmol, 2 equiv) and 4a (15.3 mg, 0.05 mmol, 10 mol%). The tube was evacuated and back-filled with argon. Absolute, deoxygenated THF (0.5 ml) was added and the mixture was stirred for about one minute to allow for the color to change from red to lime green. At this point nitrile 2 was added (2.5 mmol, 5.0 equiv) and the color of the reaction mixture changed to blue. Ketone 1 (0.5 mmol) was added followed by slow addition of TMSCl (95.2 µl, 0.75 mmol, 1.5 equiv), which led again to a color change to green. The reaction vessel was sealed and stirred for 48 hours at 35 ºC. The reaction was cooled to room temperature. Then, TBAF (2.5 ml, 1M in THF, 5 equiv) was added and the mixture was stirred for 60 minutes. At this time, water (5 ml) was added and the mixture stirred for additional 5 minutes. The reaction mixture was transferred to a separation funnel with dichloromethane. Additional water (20 ml) was added and the aqueous phase extracted with dichloromethane (5 x 15 ml). The combined organic phase was dried (Na 2 SO 4 ), filtered and concentrated under reduced pressure. The crude product was purified by column chromatography using dichloromethane as eluent (unless noted otherwise).
General Procedure for the Catalytic Intermolecular Imine-Nitrile Coupling
A flame-dried and argon-filled 10 ml Schlenk-tube equipped with a magnetic stir bar was charged under argon atmosphere with Et 3 N•HCl (34.4 mg, 0.25 mmol, 0.5 equiv), zinc dust (65.4 mg, 1.0 mmol, 2 equiv) and 4b (12.5 mg, 0.05 mmol, 10 mol%). The tube was evacuated and back-filled with argon. Absolute, deoxygenated THF (0.5 ml) was added and the mixture was stirred for about one minute to allow for the color to change from red to lime green. At this point nitrile 2 was added (2.5 mmol, 5.0 equiv) and the color of the reaction mixture changed to blue. Imine 5 (0.5 mmol) was added followed by slow addition of TMSCl (190.8 µl, 1.50 mmol, 3.0 equiv). The reaction vessel was sealed and stirred for 48 hours at 35 ºC. After the reaction was cooled to room temperature, the mixture was transferred with 3-5 ml CH 2 Cl 2 to a separating funnel containing ice-cold aq. 1M HCl (20 ml) and icecold diethyl ether (50 ml). The ether phase was extracted six times briefly (only quick shaking) with ice-cold aq. 1M HCl (20 ml each) and the aqueous phases were collected and carefully neutralized (pH 8) with sat. aqueous NaHCO 3 solution. The aqueous phase (total volume about 300 ml) was extracted with CH 2 Cl 2 (3 x 30 ml) and the CH 2 Cl 2 -phase was dried (Na 2 SO 4 ), filtered and concentrated. The crude product was purified by column chromatography as described.
Representative Stoichiometric Procedure for Scheme 4
A flame-dried and argon-filled 10 ml Schlenk-tube equipped with a magnetic stir bar was charged under argon atmosphere with 4b (50 mg, 1 equiv), zinc powder (65 mg, 5 equiv) and Et 3 N•HCl (55 mg, 2 equiv). Absolute THF (1 mL) was added and the reaction stirred until the color had changed to green. Then benzyl cyanide and acetophenone were added in the way described in the manuscript text. The reactions were stirred overnight (14 h) and quenched by addition of sat. aq. NH 4 Cl solution (5 ml). The mixture was transferred to a separation funnel, water (10 ml) was added and the aqueous layer extracted with dichloromethane (3 x 15 ml). The combined organic layers were dried (Na 2 SO 4 ), filtered, and concentrated to give the crude product, which was analyzed by NMR. Flash chromatography gave the desired product and the pinacol products 5 (elute with 10:1 CH 2 Cl 2 :EtOAc) in the reported yields.
Purification and Analytical Data of New Compounds
3-hydroxy-1,3-diphenylbutane-2-one. This compound was previously isolated and characterized by 1 H and 13 C NMR. 6 Synthesized according to the general procedure with 10 mol% (EtCp) 2 TiCl 2 and 24 h reaction time. After extraction, the product was purified by flash chromatography (CH2Cl2, Rf = 0.18) and isolated in 81% yield. The analytical data matched the literature data. 1 3-hydroxy-1,1,3-triphenylbutan-2-one. Synthesized according to the general procedure. After the addition of TBAF, HCl (1 M, 4 mL) was added instead of water and the reactionmixture was stirred for 10 min. After extraction, the product was purified by flash chromatography (CH2Cl2, Rf = 0.6) and isolated in 80% yield as colorless oil. 1 2-Hydroxy-1,2-diphenylpropan-1-one. This compound is literature-known. 7 Synthesized according to the general procedure. After extraction, the product was purified by flash chromatography (CH2Cl2, Rf = 0.38) and isolated in 46% yield as colorless oil. 
3-hydroxy-3-(4-methoxyphenyl)-1-phenylbutan-2-one.
Synthesized according to the general procedure. After extraction, the product was purified by flash chromatography (CH2Cl2, Rf = 0.2) and isolated in 74% yield as colorless oil. 1 3-hydroxy-1-phenyl-3-(p-tolyl)butan-2-one. Synthesized according to the general procedure. After extraction, the product was purified by flash chromatography (CH 2 Cl 2 , R f = 0.27) and isolated as a colorless oil in 61% yield. 1 -1-phenyl-3-(thiophen-2-yl) butan-2-one. Synthesized according to the general procedure. After extraction, the product was purified by flash chromatography (CH2Cl2, Rf = 0.39) and isolated in 61% yield as yellow oil. 1 
3-hydroxy

1-(benzylamino)-1,3-diphenylpropan-2-one.
Synthesized according to the general procedure for the imine-nitrile coupling. After extraction, the product was purified by flash chromatography (CH 2 Cl 2 ,/ethyl acetate = 40:1, R f = 0.21) and isolated as yellow powder in 61% yield. 1 
X-ray Analysis of Compound 3a
Figure S1. Molecular structure of compound 3a. Anisotropic displacement parameters are depicted at the 50 % probability level.
Crystallographic data for the structure reported in this paper has been deposited with the Cambridge Crystallographic Data Centre (CCDC 948380). Copies of the data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
The data for 3a was collected from shock-cooled crystals at 100 K on a Bruker smart APEX II with INCOATEC mirror optics as radiation monochromator. The diffractometer was equipped with a low-temperature device and used MoKα radiation, λ = 0.71073 Å. The data of 3a was integrated with SAINT, 8 and an empirical absorption correction (SADABS) was applied. 9 The structure was solved by direct methods (SHELXT-2013) 10 and refined by full-matrix least-squares methods against F 2 (SHELXL-2013). 10 All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were refined isotropically on calculated positions using a riding model with their U iso values constrained to 1.5 times the U eq of their pivot atoms for terminal sp 3 carbon atoms and 1.2 times for all other carbon atoms. The hydrogen atom H1 at O2 was found via difference Fourier analysis and was allowed to refine only with a distance restraint set to 0.84 Å. The U iso value of H1 was also constrained to 1.5 times of its adjacent carbon atom. 
Computational Details
All structures were fully optimized by using Density Functional Theory (DFT) with the BP86 functional. 11 Open-shell systems were treated with the unrestricted formalism (UBP86). Structure optimizations were carried out with the def2-SV(P) basis set. 12 Thermodynamic corrections were calculated at the same level of theory from a harmonic vibrational analysis. Transition states and minimum structures were identified by the presence or absence of one imaginary frequency. In order to obtain accurate energies, single point energy calculations were calculated using the PBE0 (PBE1PBE) functional 13 and the larger triple-ζ def2-TZVPP basis set. 14 Before, we tested the BP86, B3LYP, 15 PBE0 and M06 16 functionals in benchmark calculations against CCSD(T)/aug-cc-pVTZ and found the PBE0 functional to give the best results. Solvation effects were estimated using the SMD model 17 with the default settings for tetrahydrofuran (Σ = 7.4257) as solvent and using the def2-SV(P) basis set for H, C, N, O, Cl and a Stuttgart-Dresden core potential (SDD) for Ti and Zn. 18 The combination of the BP86 functional with the def2-SVP basis set was previously found to give reliable results for the structure optimization of titanium complexes. 19 We tested the def2-SV(P), def2-SVP, 12 and def2-TZVP 20 basis sets and found that the def2-SV(P) basis set provided sufficient results (Table  S4 ). The Gibbs free Energy for the sublimation of metallic zinc was calculated for T = 298.15K to be ΔG = +22.66 kcal/mol using literature values for the sublimation enthalpy and entropy. 21 This value was used to calculate the reduction step with zinc in Scheme 5.
22 All electronic structure calculations were carried out using the Gaussian 09 suite of programs with the grid=ultrafine option. 23 
Optimized Structures and Data of the Catalytic Cycle in Scheme 5
All energy values are given in Hartree if not specified otherwise.
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